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[EMBODIMENT] 

An embodiment of the present invention will be hereafter described in 
detail by referring to the drawings. 

Fig. 1 shows three rotating shafts 1, 2 and 3 of a robot arm (not shown), 
which are rotatably supported concentrically with the central axis "a" of the arm. 
A lower end of each of shafts 1 and 2 is connected to a motor and a speed reducer, 
and a lower end of the shaft 3 is connected only to the motor. A first end member 
4 which has an opening 4a formed on an upper end thereof in the direction of an 
axis "b" having an angle of a to the axis "a," is fixed on an upper end of the shaft 1. 
A bevel gear 2a is formed on an upper end of the shaft 2. A bevel gear 5 is fixed 
on the shaft 3. Further, a shaft 4b is formed in the first end member 4, and a 
bevel gear 7 is fixed on an end part of the shaft 4b. 

A center member 6 is rotatably supported via a bearing 8 in an opening 4a 
of the first end member 4, and a bevel gear 9 is fixed on an end part of the center 
member 6. The bevel gear 9 meshes with the bevel gear 2a. A shaft 10, which 
rotates about the axis b, is supported via a bearing in the shaft 4b. A bevel gear 

12 and a bevel gear 25 are fixed on one and the other ends of the shaft 10, and the 
bevel gear 12 meshes with the bevel gear 5. 

A second end member 13 is supported in an opening 6a of an upper end of 
the center member 6 so as to be rotatable about the axis "c" having an angle of p to 
the axis "b." A bevel gear 14 is fixed on an end part of the second end member 

13 so as to mesh with the bevel gear 7. Further, a shaft 15 rotatable about the 
axis "c" is supported via a bearing 16 in the second end member 13, and a bevel 
gear 17 and a bevel gear 18 are fixed on one and the other ends of the shaft 15. 
The bevel gear 17 meshes with the bevel gear 25. 

A shaft 20 is supported via a bearing 19 in the second end member 13, and 
a bevel gear 21 that meshes with the bevel gear 18 is fixed on one end of the shaft 



20. The rotation of the shaft 20 is transmitted to a speed reducer (which has 
input and output axes concentrically disposed, e.g., a harmonic drive) provided at 
the tip of the second end member 13, and the speed of the rotation is reduced, 
thereafter driving a shaft 23 supported via a bearing 24 about the axis n d." 

In addition, the first end member 4, the center member 6, and the second 
end member 13 are provided with openings 4c, 6b, and 13a, respectively, and 
covers 27, 31, and 35 are fixed outside these openings via supporting plates 26, 30, 
and 34. Fig. 3 shows the structure of the cover 31. The cover 31 has a dual 
structure, which comprises cylindrical members 31c and 31c'. One end of each of 
the cylindrical members is fixed on a cover member 31a or 31a', which is formed 
by cutting a cylinder so as to have a cut surface at a certain angle and has a brim 
31b or 31b'. The other end of each of the cylindrical members is fixed on a 
flange member 3 Id or 31d f . A screw part 31e is provided inside the cylindrical 
members 31c and 31c 1 for screwing a stopper 33 thereinto. Covers 27 and 35 are 
also fixed on the first and second end members 4 and 13, respectively, in the same 
manner as described above. 

Next, the movement of the wrist mechanism according to the above 
embodiment will be described. The rotation of shafts 1 and 2 for transmitting 
speed-reduced rotation is transmitted to two pairs of gear mechanisms, bevel gears 
2a and 9, and bevel gears 7 and 14, thereby enabling flexible bending movements 
in any direction. Namely, when the first end member 4 remains stationary and 
the rotating shaft 2 is rotated, the center member 6 rotates about the axis "b" since 
the bevel gear 2a on the upper end of the rotating shaft 2 meshes with the bevel 
gear 9 of the center member 6. Further, when the shaft 2 remains stationary and 
the first end member is rotated, the second end member 13 rotates about the axis 
"c" since the bevel gear 7 meshes with the bevel gear 14. With a power 
transmission mechanism comprising bevel gears: 5 and 12, 25 and 17, and 18 and 
21; and intermediate shafts 10, 15, and 20 provided via bevel gears, a third degree 
of freedom different from the above second degree of freedom can be provided to 



the tip of the wrist mechanism. 

Furthermore, covers 27, 31, and 35 are fixed to members containing pairs 
of bevel gears: 5 and 12; 25 and 17; and 18 and 21 so as to cover respective pairs 
after all the gears are adjusted. The relative positions between covers 27, 31 and 
35, and respective gear meshes remain unchanged regardless of the posture of the 
wrist mechanism, and a certain narrow space can constantly be secured around the 
rim of the gears. Therefore, lubricant grease can be prevented from being 
scattered from these pairs of gears that rotate at a relatively high speed. The 
inside of these covers can easily be communicated with the outside when a stopper 
33 is removed, therefore making grease refill and exchange easy. 



4. BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 to 3 show one embodiment of the present invention. Fig. 1 is an 
overall view of a longitudinal cross-section of the embodiment. Fig. 2 is a 
schematic diagram showing the relationships concerning angles among rotating 
axes of the embodiment. Fig. 3 is a perspective view showing an outer 
appearance of cover members. Figs. 4 to 6 are side views showing movements of 
a wrist mechanism according to one conventional example. 

1, 2, 3 rotating shafts; 4 first end member; 6 center member; 13 

second end member; 27, 31, 35 covers; 31a, 31a' cover members; 31c, 

31c 1 cylindrical members; 31d, 31d' flange members 
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